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Dijet resonance from leptophobic Z
′
and
light baryonic cold dark matter
P. Ko,∗ Yuji Omura,† and Chaehyun Yu‡
School of Physics, KIAS, Seoul 130-722, Korea
In light of the recent CDF report on the excess in the Wjj channel, we analyze
(non)supersymmetric U(1)B × U(1)L model, interpreting the dijet peak as a leptophobic U(1)B
gauge boson. If this excess is confirmed, it has an interesting implication for the baryonic cold dark
matter (CDM) in the model : there should be light CDM with a few GeV mass, and direct detection
cross section at the level of a few ×10−2 pb.
INTRODUCTION
Recently the CDF Collaboration reported an excess in
the Wjj channel, with a broad peak in the dijet with
mass around 120 – 160 GeV [1]. There is no evidence for
enhancement in the lνjj invariant mass spectrum, so that
the excess is less likely to be from a single s-channel reso-
nance in qq¯ annihilation. Also the dijets in the final state
are not dominantly b-flavored. It would be amusing to
speculate what would be the underlying physics for this
excess. A simple interpretation of this excess would be to
assume a new spin-1 particle with mass around 140 GeV.
In order to avoid the strong constraints from Drell-Yan
production, this new spin-1 object better be leptopho-
bic, or its leptonic branching ratio should be very small.
There appeared a number of papers which discuss this
excess in various contexts: [2–14].
Very recently, the D0 Collaboration also reported their
analysis on the W + jj production with similar experi-
mental cuts to the CDF’s ones [15]. Unlike the CDF
results, the D0 Collaboration did not observe any excess
on the dijet. However the previous results by the CDF
Collaboration are consistent with the analysis with larger
data sample of an integrated luminosity of 7.3 fb−1 at the
CDF [16]. Up to now two analyses are in conflict with
each other and we could not exclude the possibility that
both results are statistical fluctuation. Eventually this
issue should be settled down by more data analysis at
the Tevatron and the LHC.
In this Letter, we consider leptophobic Z
′ ≡ ZB, as-
sociated with gauged U(1)B, based on our recent model
[17]. A nonsupersymmetric anomaly-free U(1)B ×U(1)L
model was constructed in Ref. [18], and the model was
extended to supersymmetric one by two of the present au-
thors [17]. (For earlier studies on gauged U(1)B model,
we refer to Refs. [19, 20] and references therein.) The
supersymmetric (SUSY) version [17] has both baryonic
and leptonic cold dark matter (CDM), in addition to the
lightest neutralino CDM, thereby the dark matter sector
having very rich structure. In these models, the bary-
onic gauge boson ZB has a universal coupling to the SM
quarks, and three times larger to the new mirror quarks
which are introduced to cancel anomalies. This model
has a natural color-singlet baryonic CDM with U(1)B
charge twice larger than the SM quarks. Therefore ZB
can decay into a pair of baryonic CDM’s, if the CDM
is lighter than half the ZB mass MZB/2. The new mir-
ror quarks could have constraints from search for the 4th
generation fermions. The masses of exotic quarks should
be more than ∼ 300 GeV [21], which requires very large
Yukawa couplings leading to Landau poles at a low scale.
We interpret the excess reported by the CDF Collab-
oration in the lνjj channel as pp¯ → WZB → (lν)(jj).
Then the CDF data provide informations on MZB and
the U(1)B gauge coupling gB(≡
√
4piαB). These infor-
mations can be used to study the thermal relic density
and the direct detection cross section of baryonic CDM
in gauged U(1)B×U(1)L model, as well as other collider
signatures such as γZB, ZZB, ZBZB. We find that the
fermionic CDM in supersymmetric U(1)B×U(1)L model
can be as light as ∼ 5 GeV, with σSI ∼ (a few) ×10−2
pb, which is somewhat larger than the CoGeNT [22] and
DAMA [23] signal region.
GAUGED U(1)B ×U(1)L MODEL
It is well known that U(1)B is anomalous within the
standard model (SM), and one has to introduce new mat-
ter fields in order to cancel all the gauge anomalies when
we introduce U(1)B gauge boson which is leptophobic.
Recently a simple model was proposed where one fam-
ily of mirror fermions with baryon number QB = 1 were
introduced for this purpose. Then another new complex
scalar XB with QB = 2/3 was introduced in order to
make the heavy mirror fermions decay through the fol-
lowing Yukawa interactions,
LY = −λQiXBQ′Qi − λDiX†BD′Di − λUiX†BU ′Ui + h.c.,
(1)
where Q′, D′, and U ′ are the extra mirror quarks re-
quired for the anomaly-free conditions and λi’s are the
corresponding Yukawa couplings. This new scalar XB
carrying baryon charge becomes stable due to acciden-
tal symmetry, and becomes a good candidate for bary-
onic CDM of the universe [18]. In the supersymmetric
U(1)B × U(1)L model, new chiral superfields XL and
XL were introduced, lighter of which (either bosonic or
2fermionic) can make leptonic CDM [17]. Also the super-
partner of XB, Dirac fermion X˜B, can be another can-
didate for baryonic CDM. In addition, SUSY U(1)B ×
U(1)L model has ordinary lightest neutralino as a possi-
ble candidate for CDM. Therefore SUSY U(1)B ×U(1)L
model has a rich structure in dark matter sector. In this
Letter, we concentrate on U(1)B part only, so we will
drop U(1)L model from now on.
If we consider the broad peak in dijet invariant mass
reported by the CDF Collaboration as a leptophobic ZB
decaying to qq¯ and the bound on gB from the pp → jj
process in the UA2 experiments [24, 25], we have impor-
tant piece of informations on our model: namely gB ∼ 0.8
and MZB ∼ 140 GeV [3]. Then we can study more phe-
nomenology of gauged U(1)B model, both supersymmet-
ric and nonsupersymmetric ones. In particular, the cold
dark matter sector can be constrained from the informa-
tions on gB and MZB from the CDF data, thermal relic
density, and the upper bounds on the direct detection
rates.
The complete U(1)B × U(1)L model has the mirror
fermions and their superpartners, and they can also af-
fect the dark matter physics through Yukawa couplings.
In this Letter, we assume the Yukawa couplings involv-
ing mirror particles are very small in order to reduce the
number of unknown parameters and simplify the analy-
sis. Then U(1)B gauge interaction is the only new rel-
evant one, and the mirror fermions do not affect signif-
icantly the CDM physics we describe here. Including
Yukawa couplings to the mirror particles will be another
important subject for further study.
CDF DATA ON W + jj
We assume that the CDF data on W + jj are due to
the WZB boson production with MZB ∼ 140 GeV and
gB ∼ 0.8. Then, the ZB could be identified in other
diboson channels like the ZZB, γZB and ZBZB produc-
tion processes if the SM backgrounds can be controlled
[7]. Up to the now, there is no significant excess in the
Z + jj events so far [1], and it remains to be seen what
happens in this channel in the forthcoming analysis from
the Tevatron and the LHC.
In Fig. 1 (a) and (b), we show the cross sections for the
WZB, ZZB, γZB and ZBZB productions at the Teva-
tron with the center-of-momentum energy
√
s = 1.96
TeV and at the LHC with
√
s = 7 TeV, respectively,
as functions of the ZB mass MZB with gB = 0.8 impos-
ing the UA2 bound [24, 25]. For the γZB production, we
impose the photon transverse-momentum cut pγT > 30
GeV and the photon pseudorapidity cut |ηγ | < 1.1,
which are consistent with the experiments at the Teva-
tron [26]. The cross sections for other gB values can be
easily scaled by (gB/0.8)
2 for the WZB, ZZB and γZB
channels and by (gB/0.8)
4 for the ZBZB channel, respec-
tively. For MZB = 140 GeV and gB = 0.8, we find that
σ(WZB) = 2.2 pb at the Tevatron, which is about half
the cross section for the W + jj excess at CDF with an
assumption on the hypothesized narrow Gaussian con-
tribution. In order to fit the cross section to the CDF
excess, we can require a larger coupling with smaller
ZB mass. Or the current CDF data could be an up-
per fluctuation. This issue could be resolved in the near
future with more data accumulated and analyzed. In the
other diboson productions, we find that σ(ZZB) = 0.90
pb, σ(ZBZB) = 0.33 pb and σ(γZB) = 1.8 pb at the
Tevatron for MZB = 140 GeV and gB = 0.8, respec-
tively. At the LHC, we expect that σ(WZB) = 9.4 pb,
σ(ZZB) = 3.3 pb, σ(ZBZB) = 1.3 pb and σ(γZB) = 3.3
pb, respectively. In order to make definite conclusion
about the possibility to find the ZB boson in the dibo-
son channels at the Tevatron or at the LHC, we need
more thorough study on the signal-to-background ratio
with the detector simulation, which is out of scope of this
work.
BARYONIC COLD DARK MATTER
The CDF data on W + jj events can be accommo-
dated with leptophobic ZB gauge boson, if gB ∼ 0.8 and
MZB ∼ 140 GeV. If we take this value in the gauged
U(1)B × U(1)L model, one can constrain the dark mat-
ter sector more or less from the WMAP measurement
of thermal relic density of CDM and upper bounds from
direct detection experiments.
For nonsupersymmetric U(1)B model, a baryonic com-
plex scalar XB can make a good CDM candidate. Ne-
glecting its Yukawa couplings to the mirror fermions
Q
′
, u
′
and d
′
, we can calculate thermal relic density
from XBXB → ZB → SM particles. It turns out that
thermal relic density of bosonic XB is too large, unless
mXB ≃ MZB/2 ∼ 70 GeV (the s-channel resonance an-
nihilation into the SM quarks). In order to achieve small
enough relic density consistent with the WMAP data
without using the s-channel resonance annihilation, other
channels involving mirror fermions and their superpart-
ners need to be considered. Also, if the CDF dijet excess
becomes less prominent in the future and gB becomes
smaller, we have to invoke Yukawa couplings to mirror
fermions in order to get the correct thermal relic density.
For supersymmetric case, Dirac fermion X˜B and its
antiparticle carrying QB = ±2/3 can be good CDM can-
didates [17], because the annihilation cross section has
S-wave contribution. In Fig. 2, we show the contour
plots for thermal relic density (Ω
X˜B
h2) in the (m
X˜B
, gB)
plane. There remains a small corner of parameter space
with m
X˜B
∼ 4 − 6 GeV and gB < 0.8 (the red line)
which could be safe against the UA2 bound. In this re-
gion of parameter space, the direct detection cross section
is around σSI ∼ 0.01−0.05pb, which is slightly above the
3FIG. 1: Production cross sections for WZB, ZZB , ZBZB and
γZB (a) at the Tevatron (
√
s = 1.96 TeV) and (b) at the LHC
(
√
s = 7 TeV) as functions of ZB mass for gB = 0.8. For the
γZB mode, we apply the photon transverse-momentum and
pseudorapidity cuts, pγT > 30 GeV and |ηγ | < 1.1.
CRESST bound, σSI <∼ O(10−3)pb [27]. There are sev-
eral CDM candidates in our model, so that X˜B could be
subdominant. If m
X˜B
is heavier or the Yukawa contri-
bution is large enough to reduce the relic density of X˜B,
the upper bound of σSI could be enhanced by the factor
(0.11/Ω
X˜B
h2). However, we may face the stronger bound
from collider experiments in the scenario with light CDM,
as we discuss in the below.
CD
M
S X
EN
O
N
10
UA2
W h 2
=0.12
CRESST
2 3 4 5 6 7 8
0.4
0.5
0.6
0.7
0.8
0.9
1.0
mX

B
@GeVD
g B
FIG. 2: Relic density of baryonic CDM, X˜B . The gray region
corresponds to Ω
X˜B
h2 ≥ 0.12 and each dashed line is for
Ω
X˜B
h2 = 0.10, 0.08, 0.06, 0.04, 0.02 from bottom to top.
The yellow region is excluded by XENON10 (90 % C.L.) and
the blue is CDMS (90 % C.L.) [27]. The red line is the UA2
bound on gB ≤ 0.8.
FURTHER COLLIDER SIGNATURES
For non-SUSY U(1)B model, the bosonic baryonic
CDM XB has mass close to MZB/2 if we fix MZB ∼ 140
GeV and gB ∼ 0.8 in order to explain the CDF W+jj
excess. For these parameter values, the invisible decay
width of ZB → XBX†B will be negligible. If gB turns out
smaller or if one would like to use other channels rather
than the s-channel annihilation of the dark matter pair
through ZB, it would be possible to have light bosonic
XB without conflict with the direct detection bounds. In
this case, the invisible decay ZB → XBX†B could be pos-
sible. This would help to study the diboson productions
with at least one ZB. However, this possibility depends
on parameters other than MZB and gB, and we do not
consider this case further in this Letter.
For SUSY version, the fermionic baryonic CDM could
be light so that the invisible decay mode can have
B(ZB → X˜BX˜B) ≈ 21%. Then high pT monojet
(or single photon) with large missing ET from qq¯ →
gZB (or γZB) or q(q¯)g → q(q¯)ZB followed by ZB →
X˜BX˜B would make clean signatures of our model. Note
that the missing ET signature from ZB → X˜BX˜B makes
a unique feature of gauged U(1)B model with light bary-
onic cold dark matter. The qq¯′ → WZB → (lν)(X˜BX˜B)
channel could lead to a single high pT charged lepton
plus missing ET , which however would suffer severe back-
ground at hadron colliders. In Fig. 3, we depict the distri-
bution of the number of the jet in the monojet production
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FIG. 3: The distribution of the number of the jet in the mono-
jet production at the Tevatron (red line) and LHC (blue line)
as a function of the transverse energy of the jet for gB = 0.8
and the dark matter mass mX = 5 GeV with the integrated
luminosity of 1 fb−1.
at the Tevatron and LHC as a function of the transverse
energy of the jet for gB = 0.8 and the dark matter mass
mX = 5 GeV. The distribution was generated by using
MADGRAPH [28]. We applied the cuts on the transverse
energy of the jet (EjetT > 80 GeV) and the transverse
energy of the missing momentum (EmissingT > 80 GeV),
respectively. The integrated luminosity is assumed to be
1 fb−1. The expected event numbers are about 4000 and
30,000 at the Tevatron and LHC, respectively. The cross
section for the monojet production could be decreased by
a factor of g2B as the gB is decreased.
If the MZB mass is around 140 GeV, then the two jets
+ missing energy signals through e+e− → qq¯ → qq¯+ZB
with the subsequent decay ZB → X˜BX˜B at LEP II may
give useful constraints onMZB and gB [29]. We find that
σ(qq¯ZB)×Br(ZB)invisible ≃ 2× 10−5 pb for MZB = 140
GeV and gB = 0.8, which is out of reach at LEP II. It
could be studied at future linear colliders.
The mass of baryonic scalar SB, whose nonzero VEV
breaks U(1)B spontaneously, can be as large as a few
hundred GeV in non-SUSY case, and it will mix with
the SM Higgs boson hSM. SB → ZBZB → 4q′s, or
SB → hSM → bb¯, tt¯,WW,ZZ depending on SB mass.
Production of SB is by SB−strahlung (similarly to the
Higgs-strahlung), and the production rate will be smaller
than the SM Higgs if SB mass is heavier than hSM.
In SUSY case, there is a tree-level upper bound on the
SB mass, mSB ≤ MZB , similarly to the bound on the
neutral Higgs mass mh ≤ MZ at tree level. This upper
bound however can be raised somewhat by loop effects in-
volving squarks (especially scalar mirror quarks). There-
fore SB cannot be too heavy and SB → ZBZB is likely to
be kinematically forbidden. Its main decay will be into
the SM fermions or weak gauge bosons through SB−hSM
mixing induced by the one loop involving squarks. Again
the final states are ZBSB → (qq¯)(bb¯, tt¯,WW,ZZ). The
strategy for searching SB would be similar to Higgs bo-
son search, but is probably more difficult if ZB → qq¯. On
the other hand, our model has a light CDM, and ZB has
a moderate invisible branching ratio ∼ 21%. Therefore
this could be used to suppress the QCD background.
CONCLUSIONS
If we assume that the peak around mjj ∼ 140 GeV
reported by CDF in the lνjj channel is due to lepto-
phobic ZB, the reported cross section can be reproduced
if gB ∼ 0.8. Within anomaly-free (non)supersymmetric
U(1)B × U(1)L model with baryonic and leptonic CDM
candidates, we studied the implications on dark matter
physics and other possible collider signatures. In partic-
ular, SUSY U(1)B model predicts a light baryonic Dirac
fermion CDM. Its direct detection cross section is pre-
dicted to be in the range of 0.01 − 0.05 pb, which is
somewhat larger than the DAMA or CoGeNT region.
The CRESST experiment is subtle because it touches
this region. If the CDF dijet excess is confirmed with its
present value, it is inevitable to consider heavier CDM
or sizable Yukawa contributions. Then the relic density
of our light CDM becomes subdominant and the WMAP
data could be explained by the other CDMs. It would
also be very important to study the collider signatures
of our scenario. In fact, the monojet signals at Tevatron
and LHC will strongly constrain our scenario.
On the other hand, if this excess in dijet becomes less
prominent in the future, WZB or its relative modes will
constrain the U(1)B sector in terms ofMZB and gB, and
the implication for baryonic CDM will be modified. If
the gB should be weaker than the value we adopted in
this Letter, annihilation cross section of baryonic CDM
studied in this Letter may not be large enough, and we
may have to include other contributions such as mir-
ror fermions or their superpartners, as well as scalar ex-
changes. In this case, we have a number of additional
parameters in the Yukawa couplings involving mirror
fermions, and mixings among scalar bosons, and phe-
nomenological analysis of the model would be very in-
volved. It would be a subject in the future when the
situation about the CDF dijet excess is clarified by other
experiments. And our discussions are complete within
our model when the CDF dijet excess survives.
Note Added
While we are finalizing this Letter, there appeared a
couple of papers [30, 31]. In Ref. [31], the authors
consider a similar model to this work, concentrating on
light baryonic scalar dark matter XB. Their results on
the direct detection of the scalar dark matter are simi-
lar to ours, and σSI seems to be small enough to evade
5the bound from CRESST because of the small gB ∼ 0.3.
However in this case the contribution to the Wjj pro-
duction is too small (∼ 0.3 pb). We emphasize that
the coupling used in Ref. [31] for explanation of Co-
GeNT/DAMA data cannot explain the CDFWjj excess.
In the present work we also discussed the model with
the fermionic dark matter and presented more careful
discussion on the collider signature including the mono-
jet + missing energy signals at the LHC. The authors
of Ref. [32] discussed the CDF dijet anomaly within a
U(1)X Stueckelberg extension of the SM. Effectively their
model is almost same as our model except the coupling,
baryonic charge and dark matter contents.
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